ABSTRACT -Purpose: To study the seizures outcome in patients with refractory epilepsy and normal MRI submitted to resections including the rolandic cortex. Methods: .our adult patients were studied. All patients had motor or somatosensory simple partial seizures and normal MRI and were submitted to subdural grids implantation with extensive coverage of the cortical convexity (1 in the non-dominant and 3 in the dominant hemisphere). Results: ECoG was able to define focal areas of seizures onset in every patient. All patients were submitted to resection of the face and tongue motor and sensitive cortex; two patients had resections including the perirolandic cortex and 2 had additional cortical removals. Three patients are seizures free and one had a greater then 90% reduction in seizure frequency. Conclusion: Resections including the face and tongue rolandic cortex can be safely performed even within the dominant hemisphere.
Cortical resections including the rolandic cortex have been rarely performed in patients with refractory epilepsy due to potential motor and speechrelated morbidity. This is especially true for patients without lesions demonstrated by magnetic resonance and dominant hemisphere epileptic foci 1 . Motor and somatosensitive simple partial seizures may arise from the rolandic cortex [2] [3] [4] . The rolandic cortex may originate epileptogenic or symptomatogenic zones and patients with normal MRI need invasive recordings to further delineate them. The adequate localization of the central sulcus is mandatory when planning surgical procedures within the rolandic cortex. Different techniques, such as evoked potentials, PET, magnetic transcranial stimulation, stimulation through chronically implanted subdural electrodes and intraoperative direct cortical stimulation under local or general anesthesia, have already been used to map the motor cortex [5] [6] [7] . Subdural grids implantation represents a safe and effective procedure allowing both cortical and neurophysiological mapping. This paper describes the anatomical and neurophysiological data obtained from patients with refractory epilepsy and seizures arising in the rolandic areas submitted to extensive subdural grids implantation.
CASES
All patients were investigated within the Epilepsy Surgery Program and gave formal consent for all surgical procedures.
Patient I. A right-handed 28 years-old man presented with daily motor simple partial seizures (SPS) initiating in the left side of the face and spreading to the left arm, with secondary tonic-clonic generalization, since the age of 4. Interictal electroencephalogram (EEG) showed widespread spiking over the right hemisphere. Ictal EEG showed diffuse background attenuation and no focal seizures onset. MRI was normal. He was submitted to subdural grids implantation (96 contacts) covering the whole right frontoparietooccipital convexity. Interictal electrocorticogram (ECoG) showed diffuse spiking over the right convexity. Ictal ECoG showed seizures onset at the face rolandic motor region with early spread to the posterior frontal , anterior parietal and superior temporal gyri. Stimulation of the motor face cortex was able to reproduce the patients typical seizure. Cortical resection including both sensory and motor tongue and face rolandic areas, the perirolandic cortex surrounding them and the superior temporal cortex was performed. Pathological examination showed mild gliosis. There was a transient (2 weeks) left facial paresis. He has had no SPS and one tonic-clonic seizure every 6 months since surgery (follow-up time = 24 months).
Patient II. A right-handed 23 years-old man presented with daily motor SPS involving the right side of the face associated to aphasic blockage, since the age of 5. Interictal EEG showed widespread left hemispheric spiking and ictal EEG showed seizures characterized by diffuse spiking over the frontoparietooccipital convexity. MRI was normal. He was submitted to subdural grids implantation covering the frontoparietooccipital convexity (96 contacts). Interictal ECoG showed diffuse spiking over the left convexity. Ictal ECoG showed that seizures started within the left tongue and face motor and sensory areas (.ig 1). Stimulation of the tongue motor area was able to reproduce the patients typical seizure. He was submitted to resection restricted to the rolandic face and tongue areas (.ig 2). Pathological examination showed severe gliosis. There was a transient (2 weeks) right facial paresis and dysphasia (preserved comprehension, low verbal output and word finding difficulties). He has been seizure-free since surgery (follow-up time = 18 months).
Patient III. A right-handed 24 years-old man, presented with daily motor SPS involving the right side of the face associated to aphasic blockage and eventually evolving to complex partial seizures without automatisms, since the age of 3. Interictal EEG showed diffuse spiking over the left convexity. Ictal EEG showed a large left frontotemporal area of seizures onset. MRI was normal. He was submitted to subdural grids implantation covering the left convexity (96 contacts). Interictal ECoG showed diffuse frontoparietal spiking. Ictal ECoG showed seizures starting over the left motor and sensory face cortex and from the anterior and posterior perirolandic cortex (.ig 3). Stimulation of the face sensory cortex was able to reproduce the patients typical seizure. A cortical resection including the face and tongue sensory-motor areas and perirolandic cortex was performed. Pathological examination showed cortical dysplasia. There was a transient (1 week) right facial paresis and dysphasia (similar to Patient II). He has been seizure-free since surgery (follow-up time = 15 months). Patient IV. A right-handed 20 years-old man presented with daily motor SPS involving the right side of the face and aphasic blockage, frequently evolving to complex partial seizures with bimanual automatisms, since the age of 3. Interictal and ictal EEG showed left frontoparietal spiking and seizures onset, respectively. MRI was normal. He was submitted to subdural grids implantation covering the frontoparietal convexity (96 contacts). Interictal ECoG showed widespread frontoparietal spiking. Ictal ECoG showed seizures onset over the left face and tongue sensorimotor areas with very early spread to the posterior superior frontal gyrus. Stimulation of the face motor area was able to trigger the patients typical seizure. He was submitted to resection of the left rolandic cortex related to the face and tongue and of the posterior two-thirds of the superior frontal gyrus. Pathological examination disclosed gliosis. There was a transient (2 weeks) right facial paresis and dysphasia (similar to Patient II). He has been seizure-free since surgery (follow-up time = 20 months).
A summary of the resections topography can be found in .igure 4.
DISCUSSION
Three out of the four patients in this series have been submitted to dominant hemisphere resections. Despite the potential speech-related morbidity, patients recovered extremely well after a mean of two weeks. The absence of long-lasting speech disturbances in these patients might be related to the careful subpial intragyral resection and preservation of the intrasulcal vessels and of the deeper fibers belonging to the arcuate and uncinate fasciculi.
All the patients had focal motor seizures and widespread interictal spiking areas, much larger then the ictal or symptomatogenic zones. The actual resections included both the ictal onset and symptomatogenic zones whenever possible, but large interictally spiking areas were left behind. The latter might represent a more widespread epileptogenesis and might correlate to residual seizures, as seen in Patient I, who had a marked decrease in seizures frequency but still presents sporadic tonic-clonic seizures.
Three of our four patients have been rendered seizure-free by surgery. Restricted cortical resections within the rolandic and perirolandic cortex proved to be effective even in the presence of large interictally spiking areas, as was also noted by Lehman et al 8 . In our series, ictal spread from the rolandic cortex occurred predominantly to the perirolandic cortex although early spreading to the superior temporal and superior frontal gyri was also seen. Cortical areas involved in the early spread of ictal activity should also be included in the resection if feasible. Resections were limited basically by the hand motor (not the sensitive) cortex, Brocas and Wernickes areas and critical draining veins.
Pathological examination showed that one patient had cortical dysplasia 9 not demonstrated preoperatively by high-resolution MRI, but gliosis was the main pathological substrate in these patients. Cortical dysplasia that do not cause distortion of the gray/white matter interface and anatomy might not be diagnosed with the current MRI technology.
Non-invasive neurophysiological data were nonlocalizatory in all patients in this series and invasive recordings were needed for adequate neurophysiological and anatomical mapping of potentially resectable cortex 10, 11 . Subdural grids seem to be superior to depth electrodes for the mapping of large superficial cortical areas located over the brain convexity.
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